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Abstract 
The soil macrofaunal communities (Lumbricidae, Formicidae, Coleoptera, Chilopoda, Diplopoda, Isopoda, Arachnida, 
Gastropoda) were studied in six plots representing different stages in a theoretical post-pastoral succession on chalk grassland. 
Macrofaunal biomass was high in all the plots (70.2-140.3 g m-2). The macroinvertebrate communities along successional 
gradients respond to two major environmental factors: the structure of the vegetation, which determines the diversity of 
microhabitats and life conditions for macroinvertebrates; and the quality of above-ground litter production, which depends on 
the nature of vegetation and the presence of domestic herbivores. 0 1998 Elsevier Science B.V. 
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1. Introduction 
Soil macroorganisms (i.e. living roots and macro- 
invertebrates) play a key role in the soil system in that 
they significantly regulate soil structure and nutrient 
Cycling (Lavelle et al., 1994). In calcareous ecosys- 
tems, macroinvertebrates actively help to maintain a 
highly active mull by improving microbial activity 
(Scheu, 1990) and litter fragmentation and burial (van 
der Drift, 1963; Hirschenberger and Bauer, 1994a, b). 
Some taxonomic groups, such as earthworms, also 
affect the vegetation pattern by influencing the com- 
Position of soil seed banks (Thompson et al., 1994; 
wiuems and Huijsmans, 1994). 
For centuries, European chalk grasslands were tra- 
ditionally used for sheep grazing. Since the abandon- 
ment of this practice in the 1950s, natural successional 
processes have led to woodland extension andlor 
species-poor coarse grasslands (Smith, 1980). In 
Upper Normandy, a study was carried out to identify 
the factors influencing biological diversity in these 
ecosystems and their response to different kinds of 
disturbances. As part of this study, we conducted a 
survey aimed at assessing changes in density, bio- 
mass and community structure of soil macrofauna 
during post-pastoral succession and identifying the 
main factors responsible for these changes. Soil 
macroinvertebrate communities were monitored in 
different stands of a potential succession from a 
permanent pasture to woody formations on chalky 
substrate. 
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Fig. 1. Ordination of the plots and variables in relation to the first two factors extracted from the PCA. P=pasture; 2 yr.=2 year-old fallow: 
49 yr.=44 year-old fallow; S=scrub vegetation; MW=maple wood; PW=pine wood; B=biomass; her=herbaceous; co=tree cover: 
lit M=litt:r mass; l i t  C:N=litter C N  ratio; OM=soil organic matter content; C=soil organic C content; CEC=cation exchange capacity: 
c=clay; si=silt; sa=snnd: dotted lines represent the possible path in the potential series. 
(73%). The highest taxonomic richness (N) was found 
in the 2 year fallow and the maple wood and the lowest 
in the pine wood. Diversity (H') and evenness (E) were 
maximal in the wooded plots (Table 1). 
Multivariate analysis revealed the presence of two 
main factors accounting for 91.7% (PCA, Fig. 1) and 
80.7% (CA, Fig. 2) of the total variance observed. The 
first factor of the PCA explains 75.8% of the environ- 
mental variance and separates plots with a high her- 
baceous biomass from plots with a dense tree cover. 
The second factor of the PCA accounts for 15.9% of 
the environmental variance. It separates pine wood 
and fallows, with a high litter C:N ratio and a high 
herbaceous and root biomass, from scrub, maple wood 
and pasture. The first factor of the CA accounts for 
46.7% of the variance in the community structure and 
SeParates herbaceous plots, where communities were 
dominated by endogeic populations (78% of total 
biomass), from woody plots with high populations 
of epigeic invertebrates (25-28% of total biomass). 
The second factor of the CA explains 34.0% of the 
community variance and ordinates the plots in a 
similar way as does the PCA for environmental vari- 
ables. It mainly separates the pine wood, where epi- 
geic groups were the most important, from pasture and 
deciduous plots, where communities were more 
balanced between endogeics and epigeics. 
The plot ordination of these two analyses are simi- 
lar, allowing us to interpret factors as environmental 
gradients in the PCA and to assess the effects of these 
gradients on soil macrofaunal communities in the CA. 
The first factor is assumed to represent the effect of 
vegetation structure, which determines the diversity of 
microhabitats and life conditions for macroinverte- 
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gas=Gasteropoda; plot abbreviations as in Fig. 1. 
brates. The second fa,ctor is defined as the effect of the 
quality of the above-ground litter production, which 
depends on the nature of the vegetation and the 
presence of domestic herbivores. 
4. Discussion 
Macrofaunal biomass was very high (70.2- 
140.3 g m-') as compared with other data from beech 
wood on limestone (12.7-25.5 g m-2, Schaefer and 
Schauermann, 1990; David et al., 1993). The high 
biomass can be related to the presence of suitable soil 
conditions (i.e. neutral pH, high Ca content and high 
organic matter content) that permit the presence of 
significant earthworm populations. 
Spatial variability of the plant cover is known to 
increase the diversity of other functional groups 
(Babel et al., 1992), and the changes in macrofaunal 
communities during succession can be related miiinly 
to modifications in the structure of the habitat. Thus, 
the high density of Formicidae in the first two stages of 
post-pastoral succession may be explained by the 
preferential establishment of nests of some species 
in sparsely covered and bare ground (Pontin, 1963). In  
the 2-year fallow, the development of a diversified 
vegetation cover, the formation of a litter layer and the 
subsequent modification of the soil microclimate 
result in an increase in biomass, density, taxonomic 
richness and diversity (Scheu, 1992). The low bio- 
mass, density and taxonomic richness in the 44-year 
fallow may result from the dominance of an homo- 
geneous herbaceous cover with low primary produc- 
tion (Scheu, 1992). In the scrub and the woods, the 
presence of a deep litter layer creates a new habitat and 
enhances taxonomic diversity and the development of 
epigeic groups with high density and diversity (Lee, 
1985). 
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Table 1 
Macrofaunal density (individuals m-'), biomass (g fresh weight m-'), taxonomic richness (N), biological diversity (H', Shannon index) and 
evenness (E) of macrofaunal communities in post-pastoral successions. Standard errors in bracket 
Soil Grasslands Scrub Woods 
macrofauna 
Pasture 2 year-old fallow 44 year-old fallow Maple Pine 
Density Biomass Density Biomass Density Biomass Density Biomass Density Biomass 
Density Biomass 
Anecic fairna 
Lumbricidae 16 
(4) 
Anecic 883 
formicidae (371) 
Endugeic frima 
Lumbricidae 223 
(26) 
Coleoptera 62 
(13) 
Epigeic f i i i i i i l i  
Lumbriciclae 16 
(9) 
Epigeic o 
fonnicidae (0) 
Coleoptcra 16 
(4) 
Chilopoda 16 
(5) 
Diplopodii o 
(0 )  
Isopodn I 
(1) 
Araneida I I  
(2) 
Gastropodn 3 
(1) 
Other 12 
invertebrates (3) 
Total 1259 
(375) 
N 33 
H' 1.52 
E 0.29 
15.4 50 
(4.1) (8) 
1.2 689 
(0.5) (412) 
74.9 361 
(11.2) (28) 
4.0 37 
(0.8) (6) 
2.6 9 
(1.8) (3) 
0.0 o 
(0.0) (0) 
0.3 19 
(0.1) (4) 
0.1 68 
(0.0) (IO) 
0.0 2 
(0.0) (1) 
0.0 X I  
(0.0) (21) 
0.1 12 
(0.0) (2) 
1.0 5 
(0.5) (2) 
0.9 32 
(0.3) (7) 
100.5 1365 
(14.0) (405) 
40 
2.11 
0.38 
38.6 27 
(7.6) (4) 
1.0 432 
(0.8) (134) 
90.7 187 
(12.0) (17) 
5.9 17 
(1.2) (10) 
0.9 12 
(0.3) (4) 
0.0 o 
(0.0) (0) 
0.3 6 
(0.1) (3) 
0.7 58 
(0.2) (9) 
0.0 I 
(0.0) (1) 
0.8 31 
(0.2) (7) 
0.1 13 
(0.0) (3) 
0.7 7 
(0.3) (2) 
0.6 48 
(0.2) (29) 
140.3 839 
(17.2) (150) 
36 
2.21 
0.41 
38.5 22 
(6.8) (4) 
0.3 327 
(0.1) (106) 
65.4 314 
(8.7) (27) 
0.7 15 
(0.5) (11) 
1.0 37 
(0.4) (18) 
0.0 111 
(0.0) (41) 
0.0 6 
(0.0) (2) 
0.6 61 
(0.1) (9) 
0.2 3 
(0.2) (2) 
0.3 21 
(0.1) (5) 
0.1 12 
(0.0) (3) 
6.7 6 
(3.4) (2) 
0.4 33 
(0.2) (10) 
114.1 968 
(12.5) (154) 
32 
2.01 
The abundance and quality of the organic supply 
greatly contribute to the modifications observed in 
macrofaunal populations. The high quality of the litter 
(i.e. animal dung or leaf litter) in the pasture and the 
maple wood (C:N ratio =29 and 22, respectively) 
maintains significant macrofaunal communities 
(Boyd, 1960; Hutchinson and King, 1980). Conver- 
sely, inputs of IOW quality litter in the 44-year fallow 
and the pine wood (C:N =36 and 57, respectively) are 
34.4 12 
(9.5) (3) 
0.7 2 
(0.2) (1) 
45.2 422 
(4.4) (28) 
0.1 15 
(0.1) (3) 
1.9 88 
(1.0) (10) 
0.1 337 
(0.0) (164) 
0.1 15 
(0.1) (3) 
0.3 63 
(0.1) (8) 
0.0 3 
(0.0) (1) 
0.2 85 
(0.0) (18) 
o. I 6 '  
(0.1) (2) 
1.1 78 
0.7 32 
(0.2) (10) 
54.9 1159 
(118) (178) 
(0.6) (14) 
37 
2.42 
0.44 
14.6 21 
(5.7) (4) 
0.0 78 
(0.0) (69) 
46.6 138 
(3.8) (13) 
0.4 3 
(0.1) (1) 
6.7 18 
0.3 0 
(0.1) (0) 
18 0.5 
(0.2) (3) 
0.1 39 
(0.2) (8) 
0.0 9 
(0.0) (2) 
1.6 37 
0.4 (7) 
0.0 I 
(0.0) (2) 
9.5 37 
(2.1) (6) 
0.6 16 
(0.1) (8) 
81.7 421 
(1.3) (5) 
(7.7) (24) 
25 
2.78 
0.55 
22.3 
(4.5) 
0.3 
(0.2) 
28.0 
(3.6) 
0.0 
(0.0) 
1.0 
0.0 
(0.0) 
0.1 
(0.0) 
0.5 
(0.1) 
1.4 
0.7 
0.1 
(0.1) 
14.8 
(3.9) 
0.9 
(0.3) 
(0.4) 
(0.4) 
(0.5) 
70.2 
(8.2) 
0.39 
linked with low biomass, density and taxonomic 
richness (Nordström and Rundgren, 1973; Cuendet, 
1984). 
AS far as our samples are concerned, no important 
relationships were found between soil fauna and 
physical or chemical soil properties, which were 
consistently suitable for macrofauna in all sites. How- 
ever, soil parameters are expected to influence macro- 
invertebrate populations in the older successional 
I 
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stages, especially soil acidification in the maturing 
pine wood. 
5. Conclusions 
During secondary succession, macroinvertebrate 
communities first respond to a structural gradient that 
reflects the changes in the vegetation structure and 
resulting modification in microhabitat diversity and 
life conditions (i.e. diversification of the herbaceous 
stratum, appearance of a thin litter and/or moss 
layer). This agrees with Scheu (1992), who concluded 
that individual earthworm species react only to the 
availability of preferred microhabitats in the dif- 
ferent successional stages. Babel et al. (1992) also 
demonstrated the great influence of spatial variability 
of plant cover on the diversity of other functional 
groups. 
The quantity and quality of the litter returned to the 
soil result directly from the structure and natiire of the 
vegetation. They may therefore be factors of funda- 
mental importance for soil fauna in successional 
situations (Anderson, 1977). More than a food 
resource, the litter layer provides suitable habitats 
for most invertebrate species. Modifications in the 
form and quality of this litter along successional 
gradients, therefore, result in a drastic changes in 
macrofaunal populations. 
Further research should focus on the spatial patterns 
of distribution versus temporal changes of soil macro- 
faunal communities. Particular emphasis should be 
given to the contact between several vegetation stages 
within a successional mosaic. This should provide 
information on colonisation processes by soil inverte- 
brates in shifting vegetation. The question of whether 
soil fauna respond only to vegetation succession or 
play a stimulating, even active, role in successional 
processes is central to this research. Special attention 
should also be paid to the dynamics of microhabitat 
diversity along successional gradients and its relation 
to the diversity of macroinvertebrate populations. 
Acknowledgements 
We are grateful to the Regional Natural Conserva- 
tory of Upper Normandy and the Axa-Insurances 
Society for giving permission to work in the natural 
reserve of Saint Adrien. Financial support was pro- 
vided by the French Ministry of Environment 
(DGAD-SRAE no 94220). 
References 
Anderson, J.M., 1977. The organization of soil animal commu- 
nities. Ecol. Bull. (Stockholm) 25, 15-23. 
Anderson, J.M., Ingram, J. (Eds.), 1993. Tropical Soil Biology 
and Fertility. A handbook of methods. 2nd ed. C.A.B., 
Oxford. 
Babel, U.. Ehrmann, O.. Krebs, M., 1992. Relationships between 
earthworms and some plant species in a meadow. Soil Biol. 
ßiochem. 24, 1477-1481. 
Baker, G.H., Lee, K.E., 1993. Earthworms. In: Carter. M.R. (Ed.), 
Soil Sampling and Methods of Analysis. Lewis Puhlishers, 
ßoca Raton. 
Boyd, J.M., 1960. Studies of the differences between tlic ( i~u [~a  of 
grazed and ungriized grasslands in Tiree. Argyll. l'roc. 2001. 
Cuendet, G.. 1984. A comparative study of thc c;trthworm 
poptil:ition of' four tlil'ferent woodland types in Wytliani Woods 
Oxford. Pedobiologia 76, 421-439. 
David, J.F., Ponge, J.F., Delecour, E. 1993. Thc s;iprtil;igous 
mncrof;iunn of dirl'erent types of humus in beech li)rcsts of  the 
Ardenne (Belgium). Pcdohiologia 37, 49-56. 
Dutoit. T., Alnrtl. D.. 1995. M6canisme d'une succession vCgCtale 
sec'ondnire en pelouse calcicole: une iipprochc his~oriquc. C. R. 
Acnd. Sci. (Sdrie 111. Sciences de la Vie) 318. SO7-907. 
Dutoit, T., Alard. D.. 1996. Les pelouses du nord-oucst ilc l'Europe 
(Brorrrclin rrrcti BI: BI., 1936): Analyse hihliogr:ildiique. 
Ecologie 77, 5-34. 
Hirschenberger. P., Butcr. T.. 1994a. The saprofilgous iiiscct launa 
in sheep dung and its influence on dung clis;~piicnrar~ce. 
Pcdobiologin 38, 375-384. 
Hirschenberger. P., Biiuer. T.. 1994b. Influence of' c;irthworms 
on the disappear:ince of sheep dung. Pedobiologia 38. 475- 
480. 
Hutchinson. K.J., King. L.K., 1980. The effect of sheep stocking 
level on invertebrate abundance, biomass and encrgy utiliza- 
tion in temperate, sown grassland. J. Appl. Ecol. 17, 369- 
357. 
Lavelle. P., Dangerfield, M., Fragoso, C., Eschenhrenner, v., 
Lopez, D., Pashanasi, ß., Brussard, L., 1994. The rela[ionships 
between soil miicrofauna and tropical soil fertility. In: Noomer, 
P.L., Swift, M.J. (Eds.), The Management of Tropical Soil 
Biology and Fertility. Wiley-Sayce Publication. 
Lee, K.E., 1985. Earthworms. Their ecology and relationships with 
soils and land use. Academic Press, Sydney, Australia. 
Nordström, S., Rundgren, S., 1973. Associations of lumbricids in 
southern Sweden. Pedobiologia 13, 301-326. 
Pontin, A.J., 1963. Further considerations of competition and the 
ecology of the ants Lnsirisflnvris F.) and L. niger (L.). J. Anim. 
Ecol. 32, 565-574. 
Schaefer, M., Schauermann, J., 1990. The soil fauna of beech 
forests: comparison between a mull and a moder soil. 
Pedobiologia 34. 299-314. 
SOC. LOMI. 135, 33-34. 
' 
I F  Environment 
.oil animal commu- 
opical Soil Biology 
,. 2nd ed. C.A.B., 
:lationships between 
meadow. Soil Biol. 
I: Carter, M.R. (Ed.), 
,. Lewis Publishers, 
fietween tlie Fauna OF 
Argyll. Proc. Zool. 
of tlie earthworm 
CS in Wytliaiil Woods 
13. The saprofagous 
II beech forests of the 
I: succession végétale 
oche historique. C. R. 
318. 897-907. 
orci-ouest de l'Europe 
lyse bibliographique. 
' lrofiigous insect fauna 
dung disappearance. 
tience of earthworms 
'cdobiologin 38, 475- 
-56. 
, k c t  of sheep stocking 
ISS and energy utiliza- 
Appl. Ecol. 17, 369- 
'., Eschenbrenner, v.3 
1994. The relationships 
)il fertility, In: Noomer, 
nient of Tropical soil 
licntion. 
J and relationships with 
hey ,  Australia. 
sations of lumbricids in 
-326. 
of competition and the 
I. L. niger (L.). J. Anim. 
le soil fauna of beech 
Il and a moder Soi1. 
367 
Thompson, K., Green, A., Jewels, A.M., 1994. Seeds in soil 
and ~ o r m  casts from a neutral grassland. Funct. ECOI. 8, 
Z Decaëns et aL/Applied Soil Ecology 9 (1998) 361-367 
Scheu, S., 1990. Changes in microbial nutrient status during 
secondary succession and its modification by earthworms. 
Scheu, S., 1992. Changes in the lumbricid coenosis during 
secondary succession from a wheat field to a beech wood on 
limestone. Soil Biol. Biochem. 24, 1641-1646. 
London. land. 
Thioulouse, J., 1990. Mac Mu1 and Graph Mu: Two Macintosh 
programs for the display and analysis of multivariate data. 
Comput. Geosci. 16, 1235-1240. 124-130. 
Oecologia 84, 351-358. 29-35. 
van der Drift, J., 1963. The disappearance of litter in mull and 
in COtIneCtiOn with weather conditions and the activity of tile 
InaCrOfauhI. In: Doeksen, J., van der Drift, J. (Eds.), soil 
Smith, C.J., 1980. Ecology of the English Chalk. Academic Press, OrganiSmS. North Holland Publishers, Amsterdam, The Nether- 
Willems, J.H., Huijsmans, K.G.A., 1994. Vesical seed dispersal 
by earthworms: A quantitative approach. Ecography 17. 
. .  .. . 
4. . : 
.. . ... . . .  
. .  . . .  . -  
” , _ .  , . .’, , . ...,:. . ’ ’ . . 
. . . .. .. . . 
, .  
; . ,. :. . .  . .  
i 
